Our study on long-term outcome of presymptomatic testing for Huntington disease had two aims: the comparison of the psychological well-being and social adjustment of carriers and non-carriers of the mutation, and the identification of psychological determinants to improve care/support of testees. We performed a cross-sectional study of 351 persons who underwent presymptomatic testing. Those who had motor signs were excluded from the comparison of asymptomatic carrier and non-carriers. A structured interview including five self-report scales and the MINI (Mini International Neuropsychiatric Inventory) was proposed to detect a psychopathology or problem with social adjustment. We interviewed 119 testees (53%), 62 non-carriers and 57 carriers after a mean delay of 3.7 years (range: 0.32 to 8.9) after their result. Depression was frequent in asymptomatic carriers (58%). Interestingly, the self reported impact of the test showed that 27% of non-carriers did not cope well with a favourable result, and a significant percentage of non-carriers (24%) were depressed during follow-up. Multivariate analysis showed that only a previous episode of depression was predictive of depression after genetic testing in both carriers and non-carriers of the HD mutation (Po0.0001). Psychological support is necessary for all testees regardless of the result of their presymptomatic test, because psychiatric care is often needed by both carriers and non-carriers.
Introduction
Identification of the molecular basis of many inherited disorders makes presymptomatic testing (PT) possible. PT reveals the genetic status of a person at risk without predicting the age at which the disease will become apparent or its severity. The counselling procedure developed for PT in Huntington disease (HD), an autosomal dominant late-onset neurodegenerative disorder with progressive behavioural, cognitive abnormalities and chorea, has become a model of how to proceed.
It has been offered since 1993 within a multidisciplinary framework, 1 including a geneticist, a psychologist, a social worker, and nurse specialized in genetics, before and after blood sampling and testing. This is mandatory since the result will be definitive and the person will not be able to ignore it. Persons at risk for HD are faced with a Shakespearian question: To know or not to know? Do I want to know my status? Will I cope better with the certainty that I will develop the disease or with the uncertainty attached to ignorance of my genetic status?
The team should support the decision of the testee, without interfering in his choice, and remain neutral. In Europe, less than 20% of the at-risk population takes the test. 2 -5 Previous studies have provided data on the socio-demographic characteristics, psychological profiles and motivations of the testees. 4,6 -12 Other studies have focused on the psychosocial impact on individuals of PT for HD. They have shown that major catastrophic events, such as suicide do not occur more frequently after PT than in the general population. 2, 8, 11, 13 They showed that depression and anxiety levels in carriers are similar before and 1 year after obtaining the test result, although confirmed carriers have higher scores on the Beck Hopelessness Scale. 9 It was shown that depression and anxiety significantly decreased 5-year post test. Interestingly, this evolution was independent of the genetic result. 8 A higher psychological distress 5-year post test was significantly associated with lower ego strength and unspecified motivation in the pre test period. 8 This study was undertaken to compare the psychological well-being and social adjustment of carriers and non-carriers of the mutation after a long-term follow-up (up to 9 years), and to identify factors playing part in post test distress.
Subjects and methods
Between 1992 and 2001, 748 persons at risk for HD asked for PT at the genetics outpatient clinic at the Salpêtrière University Hospital (Paris, France) and initiated the testing procedure. This includes genetic counselling as well as psychological and social interviews before blood sampling to determine the person's subjective perception of risk and his motivation for testing. After a variable delay and multistep counselling, 351 (47%) decided to have the test performed and obtained their result. Molecular analyses were performed as described. 14 All testees were offered long-term follow up as part of the testing procedure. All (n ¼ 351) had given permission to be re-approached and were offered by mail an interview with a psychiatrist (SL), which was held at our institution. To preserve confidentiality as much as possible, the letter bore no indication that it came from the hospital or concerned PT, and no other means of communication was used to contact the testees. If there was no response within 6 months, a second letter was sent. All carriers considered themselves as being unaffected. However, observation of undoubtful signs such as chorea or other extrapyramidal signs, that is, dystonic posture or bradykinesia, indicated that a carrier was clinically affected. The unambiguously affected carriers (n ¼ 18) were not included in the analysis in order to allow an unbiased comparison between carriers and non-carriers. The interview was designed to assess: (a) life-events, their date and their subjective impact, ranked from 0 to 100 for each event (Amiel -Lebigre hetero-questionnaire), 15 20 ; (e) A scale of subjective distress, the Impact of Event Scale, 21 was used to evaluate the impact of the test result (avoidance or intrusive thinking), The Social Adjustment Scale (SAS) 22 was used to assess subjective adaptation in work, social life, leisure, family, matrimonial and home relationships and material resources.
Statistical analysis
Comparisons between groups were performed with Student's t-test for continuous variables and the w 2 or Fisher exact tests for categorical variables. We used univariate and multivariate analysis to identify factors, which could be involved in the occurrence of depression after the result, such as: carrier versus noncarriers, sex, age at the time of the result, delay between first contact and result, marital status (single or divorced versus others), having children (yes/no), history of depression, sex of the affected parent, time of being aware of the genetic risk (45 years versus other), test motivation (motivations such as desire to know or preparing the future versus for the offspring or parental project). As for all other comparisons, we excluded symptomatic carriers from the analyses. Owing to different delays between the result and study interview, we used a parametric model for 
Results

Responders and non-responders
We were able to contact 299 out of the 351 testees, 52 letters were returned because of a wrong address ( Figure 1 ). One hundred and fifty-five subjects (53%, n ¼ 155/299) responded to the proposal and 119 (40%, n ¼ 119/299) accepted the proposed interview, including 62 non-carriers and 57 carriers (see figure) . The median duration of presymptomatic testing procedure, that is, the time between the first contact and the result, was 5.7 months (0.9 -69.3) in carriers versus 5.2 months (0.83F38.7) in non-carriers. To ensure that there was no bias for further interpretation of the results, the 155 responders and the 144 non-responders were compared. The proportion of carriers versus non-carriers among responders and nonresponders were similar (68/87 and 65/79, P ¼ 0.96). There were more women than men in both groups (66 and 59%, P ¼ 0.18). The sex of the transmitting parent was equally distributed; fathers represented 48 versus 47% in both groups (P ¼ 0.82). However, the responders were slightly older (36.37±10.53 versus 33.36±9.53, P ¼ 0.006) and the delay between obtaining of the result and the proposed interview was shorter (3.8 ± 2.5 versus 4.6 ± 2.6, P ¼ 0.003). Non-responders and responders lived within easy travel distance from our institution (63 versus 62%).
Interviewed testees
The mean age of the responders when interviewed was 41.9±10.6 years (range: 21 -66) ( Table 1 ). The median delay between obtaining the test result and the interview, which was as long as 9 years, was 3.7 years. It was similar in carriers and non-carriers (3.7 versus 3.5 years). Carriers had a mean CAG repeat size of 42.6 ± 2.9 (38 -54). The disease was inherited from the mother in 54%, as expected for an autosomal dominant disease. Neurological examination showed that 18/57 carriers were already affected. We excluded them from further comparisons, leaving 39 asymptomatic carriers.
Social adjustment after the test
The overall scores for social adjustment were similar in asymptomatic carriers and non-carriers, and were in the normal range for both groups (Table 2) .
Psychiatric adjustment after the test Carriers were not more anxious than non-carriers (Table 3 ). However, current depression was significantly more frequent in the former than in the latter (58 versus 24%, P ¼ 0.05) ( Table 3 ). The same percentage of carriers and non-carriers had experienced depressive episodes before PT (42 versus 45%, P ¼ 0.8). After PT, the percentage of carriers experiencing depression increased from 42 to 49%, whereas the percentage of non-carriers decreased from 45 to 31%. It is nonetheless instructive that 31% of noncarriers remained depressed.
Although the intensity of current depression assessed by the Beck Inventory Scale was similar in both groups, Figure 1 Schema of this study including 351 individuals at risk for Huntington disease who underwent presymptomatic testing and 119 who accepted to undergo an interview and examination after they obtained a result.
Long-term outcome of presymptomatic testing M Gargiulo et al carriers had significantly higher scores than non-carriers when depression was evaluated with the Hopelessness Scale (5.57 ± 4.43 versus 3.21 ± 2.33, P ¼ 0.002). There was one suicide attempt and one hospitalization in the psychiatric department for major depression after PT in carriers. It is important to note, however, that three noncarriers also attempted suicide, one was hospitalized for depression and one for a psychotic episode. Inspite of this evident distress, however, only 31% of the carriers and 15% of non-carriers were under psychiatric care, a difference that was statistically significant (P ¼ 0.05); similarly only 36% of the carriers and 15% of the non-carriers were under treatment with antidepressive or anxiolytic drugs (P ¼ 0.01). Univariate analysis aiming to identify factors in relation to depression after the result showed significant values for (i) being carrier (P ¼ 0.007); (ii) having as test motivation 'other than for the offspring' (P ¼ 0.02) and (iii) having a history of depression before the test (Po0.0001) ( Table 4) . Multivariate analysis showed that the only predictive factor for the occurrence of depression after the test was the presence of a previous depressive episode (Po0.0001). Interestingly, among persons who experienced at least one depressive episode since the result, 88% of the non-carriers and 75% of carriers had already been depressed before taking the test. In individuals without depression before PT, only 6% of the non-carriers and 19% of the carriers became depressed (P ¼ 0.2).
When asked to retrospectively rate the impact of their test result on their lives on a scale of 100, both carriers and non-carriers gave similarly high scores (Table 3) . However, when the current impact was rated with the Impact of Event Scale, carriers gave a more negative estimate of the impact of the result than non-carriers (12.7 versus 8.1 on a scale of 45, P ¼ 0.008). They also reported less ability to cope with the results than non-carriers (64 versus 27%) (P ¼ 0.0006). It is noteworthy, however, that more than a quarter of the non-carriers reported difficulty coping despite the favourable results of the genetic test.
Discussion
We assessed the outcome after presymptomatic testing for Huntington disease in 119 testees. There was a response rate of 40%. A comparable recent study reported the same response rate. 11 We showed that carriers feel more hopeless and tend to be more depressed than non-carriers. Current depression, even after a mean delay of 3.7 years after the test result, was frequent, affecting 58% of the carriers and 24% of the non-carriers. These data are robust because we used not only self-reporting scales but also the MINI interview when depression was suspected. In carriers the depression could reflect the first manifestations of the disease. This interpretation has been corroborated by a follow-up study in which the authors conclude that the rate of depression increased as a function of proximity to clinical onset. 23 Nevertheless, our data does not fully agree with this finding because non-carriers were also substantially depressed. The rate of depression in non-carriers was higher than the rate of mood disorders in the French population (6.7%, 95% IC: 5.8 -7.6). 24, 25 Access to specific care evidenced by the use of psychotropic drugs was low, but similar to that reported in the French population. 25 The high rate of depression after testing in non-carriers might, therefore, be related to their personal history, and is reflected in the frequency of suicide attempts and hospitalization in psychiatric departments reported by noncarriers and carriers. These results indicate that an unfavourable outcome is related more to a prior history of depression rather than to a 'good' or 'bad' test result. This was already reported in Swedish testees with high suicidal ideation and attempts in both groups. 26 They noticed that even relatives of both had high frequency of psychiatric disease, pointing at a potential role of familial burden related to HD. In our study we tested several variables, which could precipitate depression after the result. Interestingly, three factors determinate the fact being depressed after the result: being carrier, having taken the test because of other motivations than for the offspring or a parental project and having a history of depression before the test. There could be a bias in this statement, because we assessed the pre-test history of depression retrospectively. Regarding test motivation this was noted by Decruyenaere et al 8 who showed unspecified motivation was a strong predictor of post test distress.
We found that the feeling of hopelessness ('no future'), which was more frequent in carriers than in non-carriers, did not generate more anxiety in carriers than in noncarriers, and was moderate in both. It has been shown that hopelessness decreased dramatically shortly after the test, remained stable for 3 years, 27 but long-term follow up (7 -10 years after the result) showed that hopelessness increased again.
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Several studies showed that, both depression and anxiety, improved over time in non-carriers. 8, 9, 13 Coping was adapted to the nature of the result. We showed that 52% of non-carriers had efficient coping Long-term outcome of presymptomatic testing M Gargiulo et al strategies and 64% of the carriers had not efficient coping. But interestingly, 27% of the non-carriers also had inefficient coping, whereas 18% of the carriers had efficient coping. These paradoxical reactions suggest that psychological follow-up is necessary, even for persons who have received a favourable result of their presymptomatic test. One reason for negative reactions of confirmed noncarriers might be an important change in personal identity of someone who had lived with the idea that he had a serious disease. In any case, non-carriers need time to recover from being 'at risk'. Five years were reported to be necessary for an improvement in the quality of life of such persons. 8, 13 This is comparable to the emotional state of mourning for the loss of being at risk and the doubt about one's genetic status. That unexpected result causes suffering is also reflected by the impact score, which was similar in carriers and non-carriers. Even after a long delay, the person who is no longer at risk may have difficulty living with the favourable result. We could hypothesize: a) guilt about surviving without the 'bad' gene; b) regret for life decisions made in the past as a function of the risk; c) inability to leave behind the at risk status; d) inability to believe the result and e) reactions of familial environment. In addition to psychological aid for carriers, those who begin to show symptoms also need special care. Carriers who had neurological signs were as depressed as asymptomatic carriers (75 versus 58% P ¼ 0.7), suggesting that a depressed mood is part of the disease at onset and the risk of suicidal behaviour might be greatest at this moment. In a worldwide survey all persons who committed suicide had HD and 52% of those who attempted suicide were symptomatic. 2 It is therefore very important to detect the first subtle non-motor changes of the disease, which are indicative of depression and possible adverse reactions. Unexpectedly, the results of presymptomatic testing had no impact on the social adjustment or carriers or noncarriers, who both had scores which were similar to those obtained with the normal population.
Conclusion
Psychological support and psychiatric care should be given to both carriers and non-carriers after presymptomatic testing for Huntington disease. Particularly and regardless of the result, a history of depression before the test and previous familial burden of psychiatric events will influence the outcome after the test.
